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lliTRODUCTION 
Introduction 
The Myxomycetes, because of their naked, 
mobile mass of protoplasm have served biologists 
and chemists as material for the study of the char-
acteristics of protoplasm. The typical life his-
tory of such an organism may be summarized as fol-
lows: The vegetative phase in the life history 
consists of a naked mass of pDotoplasm, to which 
Oienkowski (9) applied the name "plasmodium". This 
plasmodium creeps by reversible streaming over and 
throughout the substratum, deriving its food from 
various constituents of decaying vegetable matter 
which serve as its normal substrate. Upon reaching 
a state of maturity and under certain environmental 
conditions, the plasmodium is converted into fruit-
ing bodies of various types such as sporangia, 
aethalia and plasmodioca.rps. Within these fruiting 
bodies, typically uninucleate spores are formed. 
These spores a.re freed by a breaking dolm of the 
fructif ication wall and are disseminated by wind, 
rain, insects and other vectors. 
Under favourable conditions of sufficient warmth 
and ample moisture the spore germinates as described 
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by Gilbert (13), Smart (35, 35A) and others, to 
form unif'lagellated swarm cells. These swarm cells 
swim through the water for a time, during which 
they may feed by engulfing bacteria, spores and 
other particulate foods. Eventually two compati-
ble swarm cells, upon coming in cont.act with one 
another, fuse, withdraw their flagella and form an 
amoeboid zygote. Jahn (18) was the first to sug-
gest sexual fusion of these swarmers, followed by 
such investigators as Skupienski (34), Wilson and 
Cadman (40), Cayley (8), Howard (15), Abe (1), 
Smart (36), and others. The zygote thus fo~med, 
feeds, increases in size through assimilation ·:and 
becomes multi-nucleated by repeated div.ision of 
the zygotic nucleus, and gives rise to the plas-
modium. 
When certain conditions unfavourable for further 
activity overtake the plasmodium the protoplasm 
withdraws from its expanded strands and veins, loses 
water and forms a protective dormant stage to which 
De Bary (2, 3, 4) applied the term 11 sclerotium". 
It is generally agreed that the sclerotium of 
Myxomycetes is formed from the plasmodium when the 
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humidity of the organism's environment is decreas-
ed to such an extent that irreparable damage to the 
plasmodium would result if certain protective meas-
ures were not taken. Numerous mult1nucleated cellu-
lar structures, spherical to polyhedral, probably 
approaching the minimal tetrakaidecahedron (6), are 
bound together. These cellular structures, called 
spherules by Bra.ndza (5), constitute the sclerotium. 
It has been shown by several students, i.e., 
Schinz (29), Leveill' (32), A. Lister (21), and 
others, that sclerot1a may be retained in dry con-
dition for several months to several years and upon 
returning them to favourable conditions of ample 
moisture and warmth they will give rise to active 
plasmodia. Thus the sclerotium, its structure and 
the conditions relative to its formation and reacti-
vation, is worthy of careful study since the sclero-
tium provides a convenient means of maintaining ex~ 
perimental plasmodia in an inactive state. 
The factors involved 1n inducing the sclerotiza-
tion of plasmodia and the reactivation_ of sclerotia 
to active plasmodia have been studied by Smart (36) 
and the literature relative to such factors has been 
~-
carefully reviewed by him. 
Smart's review of the literature and the re-
sults of his experiments reveal the fact· that 
there is general agreement among the students of 
the Myxomycetes relative to conditions for sclero-
tization of plasmodia and for the reactivation of 
these sclerotia. On the other hand, a review of 
the literature reveals the fact that no such gener-, 
al agreement exists relative to the structure of 
the sclerotium and the behaviour of the nuclei dur-
ing the time of reactivation. 
De Bary (2) described the sclerotium as being 
made up of .small protoplasts contained within a! 
more or less definite membrane and ta.king· on a shape 
which might be spherical, ovoid or polygonal, but 
he did not refer to the presence or condition of 
nuclei 1n the sclerotium. Van Tieghem (39) on the 
other hand regarded the sclerotium as a multicellu-
lar cyst and believed that there were as many spher-
ules in the sclerotium as there were nuclei in the 
plasmodium from which the sclerotium had been deriv-
ed. 
Strasburger (38) after reviewing the literature 
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relative to the sclerotium came to the con-
clusion that the spherule membrane surrounding 
each protoplast may or may not be present depend-
ing upon the circumstances involved in the forma-
tion of the sclerotium. 
A. Lister (21, 23) working with Badhamia_ utricu-
laris Berk., found that each protoplast contained 
from ten to twenty nuclei, was surrounded by a mem-
braneous wall and each cyst assumed an irregular 
shape and eventually dried to a horny mass. 
M.C.A. Jorgensen (20) demonstrated by photo-
graphs the reactivation of a sclerotium to form a 
macroscopic plasmodium and the formation of the 
sclerotium from a plasmodium. He describes some · 
details of the cyst, how the protoplasts abandon 
the protective membrane of the cyst and how the -
crystallization of calcium on the surface of the 
sclerotium of calcareous myxomycetes is effected. 
Brandza (5) described the spherules_ of Badhamia 
macrocarpa Rost., Fuligo septicaGmel. var candida 
R. E. Fries F., Badhamia __ capsulifera. Berk., Phys.:. 
rn pulcherrimum Berk. and Rav.' I· contextum Pers.' 
E· carneum List. and Sturg., P. psittacinum Dittm., 
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Cienkowskia reticulata_ Rost., Craterium .!!!.!nY-
tum Fries, Leocarpusuf'ragilis_Rost., Didymium 
difforme Duby., and D1dym1um complanatum Rost. 
In all descriptions, with the exception of 
Didymium difforme Duby., Brandza f'igured individ-
ual spherules. In this species he demonstrated by 
drawings that the spherules which have concentric 
membranes and give the characteristic cellulose 
reaction with chloro-iodide of zinc, are widely 
separated f'rom each other by delicate filamentous 
trabeculae. These trabeculae were not identif'ied 
as to detailed structure nor as to function. He 
showed by f'igures that spherules of Fuligoseptica 
Gmel., Badhamia capsulifera,Berk., ~. macrocarpa 
Rost., Physarum uulcherrimum Berk. and Rav., E· 
contextum Pers., Leocarpus. fragilis Rost., Didy-
mium comulanatum Rost., and D. diff'orme Duby., ·may 
contain nuclei which stained intensely with hematoxy-
lin and also contained 11 amoebulae 11 • The outer dia-
meter of these amoebulae, Brandza found to be two 
or three times that of the nuclei. He described 
the center of the amoebule as being occupied by a 
body which apparently stains with approximately the 
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same intensity as do the nuclei, and are identi-
.fied by him as such. According to Brandza there 
are included 9ccasionally as many as two 11petite 
noyauxn per amoebule. 
Brandza found that spherulization or scleroti-
zation may be.complete or partial. In order to 
completely sclerotize, the sclerotium must be de-
rived from a young plasmodium, i•e., one not in 
the process of maturation, and, as was expected, 
would retain calcium granules within the protect-
ive membrane of each spherule. Partial sclerotiza-
tion may occur at the time a plasmodium has complet-
ed its trophozoitic activity and is in the process 
of sporangial formation~ 
From the above review of the literature relative 
to the structure of the sclerotium it is ~v1dent 
that there is yet a need for further study of this 
resting stage in the life history of the Myxomycetes, 
especially since observations on the nuclei have not 
been reported by the above students. ·Accordingly, a 
series of experiments were devised to determine the 
structure of the sclerotium and the behaviour of the 
protoplasm and the nuclei of each spherule upon the 
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reactivation of the sclerotium. The results of 
these experiments are embodied in this paper. 
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MATERIALS AND METHODS 
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~ Figure 1 
Materials ~ Methods 
An excellent sclerotium of Physarella_ oblonga 
Morgan was collected at Gayton coal mine in Henri-
co County in February, 1950, under the bark of a 
large fallen oak. This material was brought into 
the laboratory and kept for a period of ten days 
at a temperature of five degrees centigrade in a 
tight container. 
A portion of this sclerotium was broken into 
very small fragments and sowed in a petri dish 
containing sufficient water to wet the material. 
Smears of this material were made at intervals of 
time as set forth in text figure 1, were fixed 
using the smear technique suggested by Johansen 
(19) with Taylor's modified Karpechenko fluid (19). 
The constituents of this fixative were kept in sep-
arate tight bottles and were mixed (in appropriate 
proportions) as required. 
Allen's modification (P.F.A3) of Bouin1 s solu-
tion (28) was also tried but did not give as good 
results as did theKa.rpechenko fluid. 
After fixation for four to six hours, slides 
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were washed thoroughly in slowly running tap 
water, rinsed in distilled water, mordanted in 
four per cent iron altim for about one hour and 
stained 1n hematoxylin for one to twenty-four hours. 
Slides were removed from the hematoxyl1n and washed 
in running tap water for about ten minutes, passed 
through distilled water and destained with two per-
cent iron alum until the nuclei were easily disting-
uishable. Af'ter destaining slides were washed in 
running tap water for twenty minutes, rinsed in dis-
tilled water, transferred to a graded series of al-
cohol and water, then through an alcohol-xylene. series 
to absolute xylene and mounted in neutral balsam. 
Delafield's hematoxylin (19) was also used and 
proved satisfactory as far as facility of counting 
nuclei is concerned but does not give the niceties 
of nuclear stain equivalent to the Heidenhain method. 
Another porti0n of this sclerotium collected at 
Gayton coal mine in Henrico county, was divided in-
to sixty-five approximately equal portions and each 
was placed in the center of a petri dish containing 
sterile three percent agar medium. It may be noted 
here that numerous reactivations were induced on 
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filter paper substratum but sectioning of the 
material was impossible because of the many cellu-
lose fibres permeating the fixed material. Agar 
did not afford this difficulty. 
Petri dishes were flooded with Taylor's modified 
Karpechenko fluid at intervals of time during the 
reactivation cycle as set forth 1n text figure 2. 
Time of fixation was about six hours. Fixative 
was made up fresh at the beginning of this experi-
ment and a new batch was made at the time specimen 
#21, text figure 2, was killed. 
At the end of fixation time, fixative was poured 
from the petri dish and tap water was added and 
changed several times during a half hour period. 
From water all specimens were run up to xylene through 
graded alcohol-water and alcohol-xylene series and in-
filtrated with a mixture of 89% paraffin, 10% beeswax 
and 1% lanolin (14). 
For reasons of economy and efficiency, after the 
fixative had been removed from the petri dishes, speci-
mens were transferred along with a portion of the agar 
substratum to small flat bottomed 2 ml vials. Liquids 
were transferred using capillary pipettes. 
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Preliminary inf'iltration of paraffin was accom-
plished in a petri dish filled with the paraffin-
beeswa.x-lanolin mixture, in which as many as fif-
teen specimens could be handled at one time. Iden-
tity of specimen was easily handled by marking its 
numerical designation on the outside of the petri 
dish. In order to get a sufficient number of speci-
mens to preliminary infiltration at the same time it 
was necessary to have them pile up in seventy per 
cent alcohol. This infiltration time was approx-
imately one hour under an ordinary goose neck lamp. 
The melting point of the paraffin used was 520 C. 
Final infiltration was done in paper boats in a 
DeKhotinsky oven at 60° C for several hours. The 
paraffin mixture was changed four times. Infiltra-
tion in bond paper boats is very satisfactory since 
the mixture diffuses out thi:-ciugh the paper into a 
container and fresh paraffin is added as required. 
Sectioning of material was done at five microns 
using a Spencer rotary microtome whose calibration 
was determined to be within 0.7 micron. These 
sections were affixed with Mayer's adhesive (19) on 
clean slides using the alcohol burner method. 
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Completed sections were mounted in balsam or 
Euparal. The latter intensifies hematoxylin stains 
and renders the nucleus clearer than does balsam. 
The iodine, potassium-iodide-sulphuric acid 
method (19) was used to test for cellulose. 
Sudan r:v (19) 1n 70% alcohol was employed to 
ascertain the presence or absence of fatty sub-
stances. 
The remaining portions of the sclerotium collect-
ed in February, 1950, were place,d upon filter paper 
in standard petri dishes which contained portions 
of the organism's natural substratum, wetted with 
tap water and fed pulverized rolled oats as requir-
ed. Several of these plasmodia, which had reactivat-
ed from the original sclerotium, were put in paper 
lined battery jars containing bark or wood of oak 
and fed rolled oats. 
The Feulgen nucleal reaction (19) was carried out 
in coplin jars which had been washed thoroughly with 
tap water and detergent, rinsed and cleaned with po-
tassium dichromate,sulphuric acid solution, rinsed 
in tap wa ter and finally rinsed in several changes 
of distilled water. A:f'ter cleaning, these jars were 
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inverted over absorbent paper towels until dry. 
All volumetric and filtering apparatus was cleaned 
in potassium dichromate cleaning solution and rins-
ed in distilled wa~er. 
The Feulgen method (19) is as follows: .Five 
hundred milligrams of 95% basic fuchsin, certified 
for use as a Feulgen stain, was dissolved by pour-
ing over it one hundred ml of boiling distilled water 
and agitating considerably. After cooling this solu-
tion to fifty degrees centigrade and filtering, five 
hundred milligrams of potassium metabisulphite and 
ten ml of l/.N HCl were added. The stain was then 
agitated vigorously, placed in a dark bottle for 
twenty-four hours to allow reduction of the basic 
fuchsin to leuco-fuchsin. 
Slides, containing specimens embedded in paraffin, 
were brought down through the xylene-alcohol series 
and the alcohol-water series to distilled water. From 
distilled water they were taken to 1/N HCl for a quick 
rinse, then placed in fresh 60° C l/N HCl for fourteen 
minutes which seems to give the best results for this 
material •. · 
Slides were transferred from the sixty degree cen-
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tigrade l/N HCl to cold l/N HCl, to distilled . 
water, and then into the Feulgen stain. Time of 
staining was eight hours. They were removed from 
the staining solution and passed through three 
solutions, each containing 100 ml of water, 5 ml 
of 10% potassium metabisulphite and 5 ml of l/N 
HCl. Time of exposure to each of these three 
solutions was ten minutes. After staining,slides 
were taken back to xylene and mounted in balsam 
Experimentation was carried out in a laboratory 
in which the temperature fluctuated from 21 to 240 
centigrade during the period February to June 1950. 
Measurements were made with a 97X, N.A. of 1.25 
or a lOOX, N.A. of 1.3 oil immersion lens and a 
lOX occular. The precision here is 0.7 microns. 
Photographs were taken with Panatomic-X or Contrast 
Process Panchromatic film. The latter is undoubted-
ly superior as sho~m by comparative photomicrographs. 
The method of dissolving calcium granules by us-
ing acetic acid as suggested by Brandza (5) was not 
successful for the sclerotium of Physarella_oblonga~ 
Potassium dichromate sulphuric acid solution removed 
these granules in one or two minutes, depending upon 
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the stage of reactivation of the sclerotium. 
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OBSERVATIONS 
Observations 
The sclerotium of Physarella oblonga Morgan 
consists of numerous spherical to polyhedral 
spherules, measuring from seventeen to twenty-one 
microns in diameter which are bound to~ether by a 
cement substance which is continuous with the cor-
tex of the sclerotium (Plates 1 and 2). The cor-
tex is occasionally reticulated (Plate 3). This 
reticulation is similar to the reticulation fre-
quently encountered between spherules within the 
sclerotium (Plate 4) of this species, and is some-
what comparable to the filamentous trabeculae fig-
ured by Brandza. (5) for Didymium difforme. In D. 
diff orme however the spherules are widely separated 
and the cement substance is outstanding whereas in 
Physarella oblonga the spherules are closely bound 
together and a reticulation of the cement substance 
does not exist between all spherules. 
Spherule walls are about one micron thick and do 
not give any detectable reaction to the iodine, po-
tassium-iodide-sulphuric acid test for cellulose 
but remain clear and transparent. They frequently 
stain with Delafield1 s hematoxylin however and are 
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assumed to be some form of cellulose mainly be-
cause several investigators have found this region 
to be some form of cellulose wh~le studying other 
species. 
Often there are observed at the junction of 
several spherules, masses of irregularly shaped to 
spherical granules which measure one micron in dia-
meter and stain intensely with hematoxylin (Fig. 1, 
Plate 5). In some cases these granules remain with-
in the empty spherule membranes after the spherules 
have germinated and the plasmodium is collecting to-
gether outside of the empty spherule containers (Figs. 
2, Plate 5), whereas in other cases they are seen in-
corporated 1n the active macro-plasmodium, although 
they are still embedded in a portion of the cement 
substance and spherule wall of the original sclerotium. 
In any case it is seen (Figs. 1 & 2, Plate 5) that the 
diameter of these granules does increase during the re-
activation cycle. They have not been observed to dis-
perse 1n the plasmodium and are considered to be plas-
modic wastes. It is noted however that their size is 
much like that of the mitochondria. 
Spherules containing all of the constituents en-
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countered in germinating spherules are often found 
in the moving plasmodium but reactivation of these 
spherules has not been observed. On the contrary, 
there is evidence that they are used for food by 
the reforming plasmodium. They give the appearance 
of partially digested masses closely ressembling 
disintegrating spherules. 
Rarely, in the cortex of Physarella oblonga are 
found cysts (Plate 3) measuring seven microns in dia-
meter as well as granules which stain intensely with 
hematoxylin. These granules are similar to those 
found between spherules deep 1n the sclerotium. 
Within the spherule wall is the multinucleated 
protoplast which upon germination collects together 
inside of the cortex with numerous other protoplasts 
to form the plasmodium. The growth of a single pro-
toplast into such a plasmodium has not been observed 
although numerous attempts were made to isolate single 
spherules in hanging drops by dilution and to trans-
fer these isolated protoplasts to a suitable medium 
and watch for the germination and development of a 
large plasmodium. Failure to accomplish this is attri-
buted to the techniques involved or possibly to the 
/ 
•• 
Text Figure .2 
• 
inability of this protoplast to compete with other 
organisms since these cultures were not free from 
bacteria. 
Spherule and nuclear diameters were measured and 
the number of nuclei per spherule was determined 
from fourteen of the twenty-seven specimens listed 
1n text figure 1 (opposite page 9). This data is 
contained in text figure 3. Examination of this 
table brings out the :following points of interest, 
namely that each spherule protoplast contains from 
one to twenty nuclei although these extremes a.re 
rare and a mean nuclear number count per spherule of 
eight. 
Numerous yellow granules mask many aspects of the 
spherule protoplast, such as mitochondria, fat globules 
and namifications of the reticulated cytoplasm but of-
fer little difficulty to general nuclear observations 
because of the clea~ region wh~ch invariably surrounds 
the nucleus. These granulea m~asure about one micron 
t 
1n diameter and show considerable variation 1n size. 
Their diameters have not been followed through the re• 
activation cycle but they are believed to increase 
slightly with absorption of water and upon germination. 
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Upon removing all of the chromatic ~anules 
with potassium dichromate-sulphuric acid solution 
which takes only several minutes and does not inter-
fere with the hematoxylin stain reaction, there is 
easily seen in the majority of spherules, depending 
upon the stage of germination, a great many oval to 
spherical bodies which absorb hematoxylin strongly 
{Fig. 1, Plate 6). They become outstanding only in 
latter stages of reactivation. 
The above mentioned oval to spherical bodies are 
apparently the mitochondria which were described by 
Cowdry {11) for several genera of Myxomycates. It 
should be noted {Fig. 1, Plate 6) that these granules 
are concentrated in large numbers at the periphery 
of the spherule and are scattered and few in number 
in the'interior. This organization is invariably 
found. Figure 2, plate 6 shows these granules in 
the reorganizing plasmodium. It is not uncommon to 
find wide expanses of plasmodium entirely free of 
these bodies. There is some evidence that they are 
not free in the cytoplasm but are suspended by deli-
cate strands and give the appearance of being surround-
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ed by a much lighter region than the adjoining 
cytoplasm. It is difficult to ascertain whether 
or not this phenomenon is due to shrinkage. The 
lack of observations on l1~ing material and the 
determination of relative coefficients of expansion 
and contraction of the cytosome with its plasma mem-
brane; the nucleus and its constituents, and other 
portions of this material, by controlled fixation 
conditions have been in demand throughout this ex-
perimentation. 
Cowdry (11) found mitochondria more abundant 
about the nuclei and around peripheral regions of 
vacuoles, however such could not be verified in this 
study. He did not believe them to be bacteria be-
cause they were never encountered in vacuoles and 
also were the first indication of impending spore 
formation when the organism was to fruit, in. that 
they clumped together. 
Sudan rv gives· an intense reaction to indicate 
fatty substances stored in the spherule in the form 
of oval to spherical droplets, which vary in dia-
meter from the lower limit of visibility to four or 
five microns. These droplets do not occur in all 
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spherules 1n quantity but are generally present 
throughout the sclerotium. Occasionally there are 
found spherules which are packed with apparently 
nothing but these substances. However careful con-
sideration brings out at least one nucleus. These 
are the spherules most frequently encountered in the 
reorganizing plasmodium. 
It has been observed by Cowdry (11) for the plas-
modium and by Brandza (5) for the sclerotium that 
nuclei are lacking entirely in certain large regions 
of the plasmodium and occasionally in individual 
spherules. Spherules of Physarella oblonga have nev-
er been observed which lack nuclei altogether, al-
though the variation of the nucleoplasmic ratio is 
tremendous for both sclerotium (Text fig. 3) and macro-
scopic plasmodiu.m. From table 3 it can be seen that 
this variation in nucleoplasmic ratio exists from 
spherule to spherule. 
The nucleus is the most interesting structure common 
to the various phases in the life history of the Myxo-
mycetes because of its obvious inconsistency. For 
example, Jahn (17) found nuclear division of swarm 
cells of Stemonitis flaccida Lister, to be intra-
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nuclear as far as he could determine. Furthermore 
the point of the intranuclear spindle contained a 
single granule, the centrosome, from which the fla-
gellum was destined to arise. However, A. Lister 
(24) concluded that the nuclei of an active plas-
modium multiplied by simple division after he had 
examined slides prepared from a plasmodium of Bad-
hamia utricularis Berk., whereas J.J. Lister (26) 
found nuclei dividing by mitosis in the plasmodium of 
Badhamia utricularis which had been reactivated from 
a sclerotium. All stages were observed and record-
ed. 
A. Lister (22) again, after numerous investiga-
tions with different species, put forth the belief 
that although nuclei in the plasmodium of B. utricu-
laris had been observed to divide by mitosis by J. 
J. Lister 1n 1893, that when these nuclei are divid-
ing in large numbers they do so by amitosis. 
J. J. Lister (26) in 1909 concluded that nuclei 
in a macroscopic plasmodium may divide by mitosis 
but more often by amitosis. 
Jahn (18) reported nuclear division again in the 
plasmodium of B. utricularis. His preparations were 
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not conducive to exact description of. the process, 
however he found no indication of multiplication by 
simple division. 
G. Lister ( 25) reported division by mitosis. in 
slides prepared by J. J. Lister and injected the 
belief that probably the nuclei also divide by ami-
tosis. 
Wilson and Cadman (40) in their work on the cy-
tology of the swarmers of Reticularia lycoperdon 
Bull., found typical mitotic division and referred 
to the centrosome formerly described by Jahn as the 
centroblepharoplast. 
Scniinemann (31) found metaphase, anaphase and 
telophase figures in a large plasmodium of Didymium 
nigripes. Some of these figures were surrounded by 
nuclear membranes • 
. Cotner ( 10) .demonstrated that instead of a single 
centrosome or centroblepharoplast as believed by 
Jahn,_ and Wilson and Cadman that this single body was 
in reality a complex of granules. 
Howard (15) searched for nuclear divisions in the 
plasmodium of Physarum ROlycephalum Schw., extensively 
in 1930 and was unable to ascertain mitosis or simple 
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division, although he took samples from a plas-
modium every half hour for thirteen hours. He 
observed that plasmodia of tiis species increased 
in si~e from tiny fragments to areas covering as 
much as two square f'eetwith the number of nuclei 
per unit volume apparently remaining constant. 
This same investigator (16), again working with 
P. polycephalum, was able to work out mitosis in 
great detai~. He was able to show that nuclear in-
crease in the macroscopic plasmodium was by 11 geo-
metrical progression. 11 This division is completed 
within twenty to f'orty minutes and is intranuclea.r. 
According to J. J. Lister (26) this fact helps to 
establish the myxomycete relationship with the Pro-
tozoa. However because of the absence of asters 
and centrosomes, Howard points out that the nucleus 
of Myxomycetes "resembles in many respects the 
type found 1n vascular plants." 
Sinoto and Yuasa (33) and Yuasa (41) have shown 
that there are two blepha.roplasts in uniflagellated 
and b1flagellated swarmers of several species of' 
Myxomycetes. 
Ellison (12) verified the presence of two blepha.ro-
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plasts in uni- and biflagellated swarmers of 
Stemonitis :ferruginea Ehrenb. and s. fusca Rost., 
although one of them was not easily recognizable 
in the latter. 
In this study of Physarella oblonga the nuclei 
were found to vary from 2.8 microns to 3.5 microns 
in diameter in the sclerotium but may be smaller 
in the plasmodium if mitosis has just occurred. 
The sclerotium of Physarella oblonga contains 
at least two types of nuclei, if staining reactions 
and size are suitable criteria for distinguishing 
them (Plates 4 & 7). There is no correlation be-
tween size and.difference in staining capacity, for 
nuclei of all sizes may stain darkly or lightly 
with hematoxylin and the faint positive Feulgen 
nucleal reaction indicates desoxyribose nucleic 
acid in nuclei of both types. 
Differentiation of the hematoxylin stain, in or-
der to bring out the metabolic nucleus of the spherule 
invariably destains metabolic nuclei of reactivating 
spherules to such an extent that only the nucleoli 
are clearly·visible. There is a definite gradient 
in staining capacity from the dark and almost black 
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nucleus of the intact spherule to the f a1nt nu-
clei of the plasmodium. The nucleolus is well de-
fined in the latter but the nucleoplasm and nu-
clear membrane a.re too faint to be seen clearly. 
Such a staining gradient with hematoxylin may be 
indicative of the varying physiological activity 
of the nucleus in these different stages during re-
activation. 
The nucleus is suspended in a cell-like structure 
by delicate strands (Plates 8 & 9). This organiza-
tion is somewhat like the syncytial arrangements 
found in higher organisms and was first suggested by 
Camp (7) but he apparently did not recognize the 
definite irregular cell-like structure which contain-
ed the nucleus. 
Brandza (5) had observed in reactivating sclero-
tia of many species such an organization and had term-
ed these nuclei suspended by strands "amoebulae". 
His figures show a.moebules with a wide range of varia-
tion in nuclear diameter whereas in this work the nu-
cleus was found to be rarely outside the limits set 
forth 1n text rigure 3; namely from 2.8 to 3.5 microns. 
Apparently Brandza considered a.moebules as separate 
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individuals within the spherule protoplast. 
The nucleolus which may vary from one large 
body to several smaller ones could be mistaken for 
mitosis if hematocylin were used and especially.if 
only a few apparent mitotic figures were found·- The 
• 
nucleolus assumes many shapes and sizes and often is 
separated within a spindle-like region of the nucleus 
indicative· of anaphase 1n mitosis (Fig. 1, Plate 10). 
These phases are not rare but seem to.cover great 
areas of the reactivating sclerotium and all stages 
similar to mitosis up to late anaphase can be found. 
Prophase gives the greatest difficulty since the nu-
cleolus may be in many tiny bodies which is similar 
to a thickening of the chromanemata and, without the 
Feulgen technique, might be interpreted as prophase. 
Howard (16) has worked out mitosis 1n Physarum 
polycephalum thoroughly and found division to be in-
tranuclear and without asters but with a well develop-
ed spindle. He did not find nuclei with more than 
five nucleoli for this species whereas eight to ten 
are not uncommon for Physarella oblonga (Fig. 1, Plate 
7 .) • 
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The amoebule boundary, with few exceptions, is 
closely applied against the nucleus in the quiescent 
spherule. This boundary is practically indistin-
quishable from the nuclear membrane with which it is 
intimately bound by cytoplasmic processes which are 
only observed when the amoebule swells with 1mb1bi-
tion of water and its boundary pulls away from the 
nucleus (Pl. 8; Pl. 9, Figs 1&2, and Pl. 10, Fig. 2). 
It is indisputable that the individual spherules 
swell to some extent by rounding out into almost 
perfect spheres with water absorption (Plate 10, 
Fig. 3) when isolated one from the other. This 
smoothness of peripheral contour is not as obvious 
when the spherules are undisturbed in the sclero-
tium because of mutual pressure from other spher-
ules. In general these structures are polyhedral in 
the resting sclerotium. 
Upon germination the protoplast flows from one 
spherule through an opening in the connecting walls 
and joins with the protoplast of another spherule 
(Plate 8) or several coalesced protoplasts. It 1s 
not unusual to see many protopaasts fused together 
while they are still in their individual spherules 
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(Plate ll). 
There is some evidence of pressure in the ger-
mination process (Plate 8; Plate 10, Fig. 4 and . 
Plate 12, Fig. 1) in that the spherule wall is fold-
ed back into the spherule into which the protoplast 
from another spherule is flowing. Even though this 
has been observed numerous times, such an apparent 
violence of ge rmination could not be demonstrated 
with single spherules germinating in hanging drops. 
It is conceivable that because of pressure differ-
ential variation as regards isolated spherules and 
undisturbed sclerotial organizations the.method is 
quite different. 
Shrinkage of material is indicated in a reacti-
vating sclerotium. This apparent distortion is due 
to a.lack of protoplasm within the individual ger-
minating spherules brought about by their contribu-
tion to the collecting plasmodium, which by this time 
has reformed and is outside the sclerotium (Plate 11), 
but still with numerous connections with individual 
spherules throughout the sclerotium. Reactivation 
(Plate 11) is centripetal and as well as could be de-
termined, all germinating spherules are connected to-
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gether. Germination is a smooth continuous pro-
cess. 
The plasmodium may take the form of numerous 
processes radiating from the sclerot1um and might 
seem to indicate that more than one plasmodium could 
escape from a sclerotium, however, by following the 
process through serial sections, it is seen that all 
processes from the sclerotium merge. 
The plasmodium, when fully formed, moves away 
from the germinating point and leaves behind the dis-
torted, torn and empty protoplast containers, the 
spherule walls (Plate 13). 
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DISCUSSION 
and 
CONCLUSIONS 
Discussion and Conclusions 
The amoebules of Brandza (5) are apparently not 
individuals incorporated in the spherule but repre-
sent the metabolic nucleus and the substance 1n 
which it is contained, a portion of cytosome. Num-
erous cytoplasmic processes are continuous with this 
envelope and the nucleus. These processes are in. 
the form of delicate strands which may be the result 
of fixation distortions. A study of living material 
is required to determine whether these connections 
are actually strands or reticulated cytoplasm. 
In the majority of instances in the spherule a 
cytoplasmic envelope surrounding the nucleus is not 
clearly seen because of shrinkage of the system dur-
ing sclerotium formation. It is reasonable to ex-
pect that one would find quite a variation in the 
distance from the envelope to the nucleus. Such is 
the case, with a variation from beyond the precision 
of measuring devices used and outside the resolving 
powers of the optical system, to a distance of approx-
imately one micron. 
Spherules are bound together with a cement sub-
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stance which is believed to aid in water conduct-
ion throughout the sclerot1um, which undoubtedly 
already has a high affinity for water. A rapid 
conduction of water through the cement substance 
would facilitate control of reactivation to some 
extent and this is probably why the plasmodium does 
not escape in individual waves, but does so in one 
unit mass. 
Prior to germination, mitochondria (Plate 6, figs. 
l.& 2) collect in large numbers near the wall of the 
spherule. They apparently play an important part in 
weakening the spherule wall to such an extent that 
the protoplast which meanwhile has taken on consid-
erable quantities of water and has thereby increased 
internal pressure is able to burst through with 
some violence, folding back the spherule wall (Plate 
10, fig. 4 and Plate 12, fig. 1). Each spherule has 
to overcome two spherule walls to germinate except 
those at _the periphery of the sclerotium, unless the 
dissolution of the membrane in the region of break-
through is a mutual process with each spherule digest-
ing away its own wall and the one with the highest in-
ternal pressure would be the first to move by rushing 
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through the weakened container to join the proto-
plast on the lower side of the pressure d~ferential. 
Those spherules on the periphery of the sclero-
tium are restricted by only one such wall plus a 
wide cortex, many times thicker than the protoplast 
envelope (Plate 1). It is immediately suggested 
that the cortex of a sclerotium would necessitate 
germination and coalescence first within the re-
straining cortical substance. This is exactly what 
takes place (Plate 1~) and accounts in part, for the 
control of plasmodium escape. The cortex is the last 
retaining wall to be punctured and then only in weak-
ened portions. This is difficult to establish with 
unquestionable certainty because of the method of 
beginning this work, i.e., using small bits of a large 
sclerotium, which of course were lackL'Ylg in cortex in 
many regions. It is believed that studies of entire 
sclerotia germinating would show formation of the 
plasmodium within the cortex to be the general con-
dition. Occasional reticulation of the cortex may 
play an important part in sclerotial germination, by 
facilitating escape through this boundary. 
It is easily seen that there is a sign~icant 
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physiological dii'ference between the nuclei of 
quiescent spherule protoplasts and those of ger-
minating ones, as mentioned previously. It is 
suggested that this difference in staining capaci-
ty was due to the concentration of desoxyribose 
nucleic acid 1n the nucleus which may be expected 
to be greater in the nuclei of the quiescent spher-
ule whose metabolic activities were greatly reduced 
than in nuclei of the plasmodium which was prepar-
ing for extended activity and greatly accelerated 
metabolism. 
The concentration of desoxyribose nucleic acid 
1n the metabolic nucleus of Physarella oblonga is 
diffuse and gives only a faint reaction with the 
Feulgen technic. It was not possible to estimate in 
these small nuclei a difference 1n the desoxyribose 
nucleic acid concentration of the metabolic nucleus 
of the quiescent spherule and that of the 1nterphase 
nucleus of the active plasmodium. Hematoxylin, how-
ever, shows a clear difference. The possibility that 
these dark staining nuclei are pycnotic must not be 
discarded. The "amoebulae" of Brandza might be dis-
carded nuclei in vacuoles. If this were true then 
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the number of nuclei would be quite small for the 
plasmodium and spherule protoplasts. Spore forma-
tion does not support such a belief since the mor-
tal1ty rate of nuclei during this stage is low. 
The question arose early in this work as to 
whether there were any nuclear divisions up9µ ger-
··.:-.... 
m1nation. The first attack upon this question was 
to investigate the nucleoplasmic ratio of the spher-
ule during all stages of reactivation. If this ratio 
increased considerably then mitosis might have occu-
rred. A curve, text figure 4, was plotted from the 
data summarized in text figure 3 and indicates that 
the~yoplasmic ratio actually decreases slightly 
during reactivation. This shows that the cytoplasm 
o~ a spherule increases slightly in volume whereas 
the volume of the nucleus remains essentially the 
same. Another curve, text figure 5, was also plott-
ed from data summarized in text figure 3, and shows 
that the spherule diameter does increase slightly 
with time of reactivation. The shift 1n these curves 
is barely within precision of measurement and could 
be contributed to error. 
Howard (16), however, had found that division 1n 
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the plasmodium covered wide expanses and was a 
geometric division with daughter nuclei consider-
ably smaller than the original nucleus. This means 
that new nuclei would be less than the established 
range of diameter for the spherule. Detecting a 
change in the karyoplasmic ratio would of course be 
difficult. Furthermore, text figure 3 shows that 
the number of nuclei per spherule, which may vary 
from one to twenty, does not change during reactiva-
tion but has a constant me:a.n. This is interpreted 
to show that nuclear division during or immediately 
after reactivation is not the general case. It is 
true of course that mitotic figures are found during 
this activity but they are rare. Several stages of 
mitosis are shown (Plate 12, figs. 2, 3, & 4), and 
are not intra.nuclear but take place within the amoebule 
envelope which is a cytoplasmic ground substance con-
taining the nucleus. 
Howard, Lister and Schuneman agree that division 
is intra.nuclear, although the last investigator found 
nuclear membranes surrounding only certain of the mi-
totic figures. 
The Feulgen technique does not give a positive 
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reaction from the nuclear membrane out to the amoe-
bule envelope. 
From the above discussion it is evident that 
there is still need for more careful and detailed 
investigation of the nature and activity of the nu-
cleus of the Myxomycetes. 
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SUMMARY 
Summary 
1. Germination of the aclerotium in Physarella 
oblonga is centripetal. The cortex hinders es-
cape of tne protoplasts in most regions, so that 
the plasmodium is well formed before it punctures 
the wide cortical region. This aids in the con-
trol of escape of the plasmo~ium. 
2. There is some indication of enzymatic action and 
pressure factors combining to facilitate rupture 
of the spherule wall. 
3. Nuclear divisions are rare during sclerotial re-
activation and are not intranuclear. 
4. The term 11 amoebulae11 as first suggested by Brand-
za should be discarded since it is misleading. 
These organizations are considered to be nuclei 
embedded in cytoplasm with the cytoplasm giving 
the appearance of another wall. 
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PLATES 
Explanation .f£.!: Plate ]:: 
Section (5 microns) through a resting sclerotium. 
Note wide cortex at bottom of photograph, which 1s 
continuous with cement substance that binds spher-
ules together. 
PLATE 1 
Explanation of Plate 2: 
- , 
Resting sclerotium (section) 
Cement substance is shown as dark black sub-
stance between spherules. (Middle of photograph) 

Explanation.Qf.Plate 2: 
a. Unidentified granules in cortex. 
b. Sclerotium cortical region. 
c. Reticulation of cortex. 
d. Protoplast nucleus. 
e. C~st in cortex. 
f. Reticulation from which fat droplet more than 
likely was removed. 
g. Mitochondria. 
h. Interior of sclerotium. 
g 
f 
h 
Explanatibn of Plate 4: 
a. Boundary of spherule wall and protoplast 
membrane. 
b. Mitochondria. 
c. Nucleus. 
d. Former fat droplet location. 
e. Reticulation of cement substance. 
f. Nucleus (note diff~rence in staining). 
g. Vacuole with inclusion. 
h. Cement substance. 
1. Unidentified mass of granules between spher-
ules. -
a. 
}" 
' 
------------
Plate 4 
Explanation of Plate 2: 
Fig. ~: Mass of unidentified granules between 
spherules. These granules enlarge with 
water uptake. (See Fig. 2). They are 
believed to be-plasmodic wastes. 
Fig. 2: Same granules as in Fig. 1 which have 
been left behind after reactivation. 
Note matrix in which they are contained. 
This matrix is apparently a part of the 
cement substance 
Figure 1 
Figure _g 
f-- /O)t ~ 
Plate 2 
Explanation of Plate 6: 
Fig. 1: Early stage in reactivation. Notice 
absence of any apparent shrinkage and 
concentration of mitochondria at peri-
phery of spherule. Protoplast 1s re-
ticulated from loss of fatty substances, 
which were lost during the fixation pro-
cess. Chromatic granule~ have been re-
moved. 
Fig. 2: A fully formed plasmodium showing scat-
tered mltochondria. 
Figure 1 
Figure 2 
Plate 6 
Explanation of Plate 1: 
Fig. 1: A nucleus without a noticeable amoe-
bule envelope. Ten small nucleoli a.re 
present in this nucleus. 
Fig. 2: Early stage of reactivation. Note dif-
ference of nuclear staining capacity. 
This is the same photograph as Fig. l, 
Plate 6. 
Figure 1 
• 
" 
Figure 2 
Plate 1 
Explanation .Qi Plate 8: 
Germinating spherules which together with many 
others are forming the plasmodium. Spherule walls 
are folded back into upper right spherule indicat-
ing some pressure is involved in germination. The 
magnification of this photograph was lost. It was 
taken with a 20X occular and a 9.7X, 1.5 N.A. oil 
immersion lens. 
• 
Plate § 
Explanation of Plate ,2: 
Fig. l: This photomicrograph shows clearly the 
connections of the nucleus to envelope. 
Notice area around nucleus which is free 
from chromatic granules. 
Fig. 2: Four nuclei, each of which is within a 
cytoplasmic envelope. All of these photo-
graphs are from reactivating spherules. 
0 
F,igure 1 · 
Figure _g 
Plate .2 
Explanation of Plate 10: 
Fig. l: Note nucleus in center of photograph. 
There is the appearance of nuclear di-
vision. These nucleoli are contained 
within an elongated spindle, not sep-
arated in the middle~ Feulgen shows 
these bodies .to be nucleoli • 
• 
Fig. 2! Two nuclei within cytoplasmic envelopes. 
Note fusion of the envelopes. These 
nuclei are metabolic. (to show this would 
not bring out their amoebule envelope 
connect ion) • 
Fig. 3: A single spherule. This photograph was 
taken well into the germination cycle and 
is swollen and spherical. Nuclei are 
not shown clearly but can be made out 
near the top (2 of them). Some oil drop-
lets can be observed which were not de-
stroyed by f ixat1on. From a smear prepar-
ation. 
Fig. 4: Reactivation spherule (section). Note 
bulge into empty spherule at top of 
photograph. This expansion must be due 
to pressure. Apparently this protoplaat 
had germinated at another point before 
this obvious bulge could rupture, however 
this could not be ascertained in serial 
sections. See Fig. 1, Pl. 12. 
. Figure 1 
Fiigure 2 
........... ,~ -
Plate 10 
Figure _g 
Figure 4 
Explanation of Plate ,11: 
Reactivation of sclerotium is centripetal. Peri-
pheral region is lighter because of the loss of 
protoplasm from individual spherules. This proto-
plasm has joined the escaping plasmodium shown at 
left of picture. 
Plate 11 
Explanation of Plate 12:,., 
Fig. 1: The bulge, as shown in Fig. 4, Plate 
10, has broken out into an empty spher-
ule.. The two protoplasts in picture 
are joined. It is not unusual to find 
a spherule has germinated in more than 
one place. There is no reason that ger-
mination could not take place in two 
portions of the container simultaneously. 
Fig. 2: Nucleus at bottom of photgraph is in 
prophase. Amoebule envelope is not ob-
vious here but careful focusing shows 
it to be present. Note large, eccentric 
nµ.ole'olus. 
Fig. 3: Nucleus at metaphase. Nuclear membrane is 
not present. Apparent membrane is cyto-
plasmic. 
Fig. 4: Indistinct anaphase. Numerous photo-
graphs would not bring out this nucleus 
clearly.. Cytoplasmic envelope is barely 
visible. Adjacent nuclei are in prophase. 
Figure 1 
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E-- l O..L( __, 
Plate 12 
Figure 2 
Figure 4 
ExDlanation of Plate .J:.2: 
This is all thats left of a once very active 
mass of germinating spherules. Walls are twist-
ed and torn because of pressure and digestion dur-
ing reactivation. Two dark concentrations are 
not identified. The plaamodium is far away, 1.e., 
several centimeters, from this germination center 
and is feeding. 
Plate 12 
Exulanation of Plate 14: 
P1asmodium is leaving sclerotium. Note that 
cortex, upper right is still intact for some 
distance. Spherules germinate and their proto-
plasts fuse before escape from sclerotium. 
• 
Plate 14 
Explanation of Plate 1:2: 
(These photographs a re not mentioned in text) 
Fig. 1: A single spherule. Photograph is much earlier 
in the reactivation cycle than Fig. 3, Plate 
10. Note six radiating portions from peri-
phery. These are connections with other 
spherules. Some shrinkage has occurred. 
This is not a reactivating spherule. 
Fig. 2: This is believed to be a dwarf nucleus 
within a giant amoebule. A positive Feul-
gen was not obtained for this unsual type 
nucleus. 
Fig. 3: Large spherule in middle of photograph 
has burst through wall to join smaller 
protoplast at top left. These three photo-
graphs were obtained, using a lOX occular 
and a 9.7X, N.A. 1.5, oil immersion lens. 
Magnification was lost1 but is approximate-
ly that of designation. 
.Figure 1 Figure 2 
Figure 2 
Plate .!5 
